The aim of this paper is to analyze the impact of the Global Financial Crisis (GFC) on the co-integration relationship between the REIT and stock market indices using a sample of 10 developed countries. The main tool employed for this purpose is the dynamic co-integration approach. The empirical results strongly suggest that the stock and REIT markets were deeply affected by two successive crises. The first crisis was related to the U.S. subprime problems while the second shock emanated from the European insolvency problems. The shocks led to serious structural breaks in the financial data during the 2007-2012 period. As a result of this and the highly variable nature of the co-integration structure during this period, the conventional and static Johansen tests cannot detect the strong co-integration between the REIT and stock markets which were the result of common negative response of both markets to the successive shocks. Dynamic co-integration approach seems to be a more valid tool to capture the dynamics of the co-integration structure after the GFC. The dynamic approach implies that the destruction of diversification benefits between the REIT and stock markets was essentially a shock related outcome which also implies that the diversification potential between these two markets may still be valid in the absence of shocks.
Introduction
The securitization of real estate (a primary component of household and institutional portfolios) in the form of real estate investment trusts (REIT's) created an attractive alternative to the direct real estate ownership which poses problems such as illiquidity, high transaction costs and costs of acquisition. The market capitalization value of the U.S. REIT's, for example, increased from from $8.7 billion at the end of 1990 to $438 billion at the end of 2006 (Yang et al., 2012) .
The fact that the REIT's can be traded in the financial markets just like stocks implies that they can be used to diversify the risk of asset portfolios. The possibility of diversification depends on the degree of the correlationstock markets are expected to co-vary with stock indices and they may embed stock market noise that is not related to the fundamentals driving the real estate returns.
There are, however, counter arguments about the strength of long-term correlations between the stock markets and the REIT markets at a local level (in terms of country-specific correlation). Liow and Schindler (2014) reports that the European and U.S. REIT markets are becoming more integrated with the global and regional stock markets but they are less integrated with their local stock markets. This implies the possibility of diversification at a local (country-specific) level. Hoesli and Okarinen (2012) presents evidence using the data from the U.S, U.K and Australia illustrating the fact that the REIT's are actually close substitutes of direct real estate rather than the stock market in the long-run. Their findings suggest that the REIT performance is more tightly related to the direct real estate performance than to stock market returns.
The empirical literature on the subject also points to a lack of consensus. Liu and Mei (1992) , Ambrose et al. (1992) , Ling and Naranjo (1999) , Quan and Titman (1999) and Peng and Schulz (2013) found that the two markets are correlated while the results of Ibbotson and Siegel (1984) , Miles et al. (1990) and Liu et al. (1990) suggest that the two markets are segmented and do not display significant long-term correlation.
These discordant results reported in the literature may be related to the choice of different observation periods and the temporal instability of co-movement in asset returns through time. The traditional tools to detect long-term correlation (co-integration) between the two series are Johansen test and the Engle-Granger test. Both tests assume symmetric adjustment and linearity. These traditional static tests are not able to capture the changing and dynamic nature of the relationships involved.
The economic and financial data usually display structural breaks which poses problems for the validity of conventional Johansen test since the power of the co-integration test is dramatically reduced if a break exists in the co-integration relationship (Gregory & Hansen, 1996) . This issue is especially important for the empirical work covering the last two decades because of the massive structural change initiated by the Global Financial Crisis (GFC) of 2007.
The fact that the GFC caused a significant structural break in the correlation structure is well documented. The empirical tests using either Chow test (Yang et.al., 2012) or Quandt-Andrews breakpoint test (Basse et al., 2009) verifies that there was a massive structural break in 2007. The GFC caused a regime shift significantly altering the nature of the dynamic relationships with possible detrimental effects on the power of the conventional tests (Note 1).
The analysis of the impact of the GFC on the correlation structure between the REIT and stock indices must also consider the unique character of the GFC. It was previously argued that when the equity markets decline in response to negative shocks, REIT's tend to perform better providing diversication benefits (Assaf, 2006) . The REIT indices, for example, declined less than non-REIT stocks in the October 1997 crash (Glascock et al., 2004) but this crash was a result of the problems with the automated stock market trading.
The GFC, on the other hand, was related to the serious problems in the real estate sector and it was an extremely strong negative shock of unprecented dimensions. Globally, $7 trillion has been wiped off the stock markets during 2008 (Adair et al., 2009 ) and Case-Schiller index dropped 25% over two years in the U.S. (Barker, 2009) . Empirical evidence presents a consensus view of a substantial increase in the conditional correlation between the stock and REIT indices worldwide. The REIT systematic risk climbed to unusually high levels after the GFC (Devaney, 2012) and the average betas increased from 0.65 to 1.58 as a result of the GFC (Devos et al., 2013) .
The significant structural break initiated by the GFC suggests that the market mechanism started to deviate from its previous norm as a result of the unexpected and huge negative shock. Though the investors were theoretically expected to buy REIT's in the face of significant declines in the stock indices; they did not do so because the nature of this real estate based shock was different from the previous shocks. The wealth and credit effects which traditionally explain the causal link between the stock and REIT markets have not worked as expected. Instead, the investors fled from both markets because the investor psychology apparently changed significantly giving way to dominance of what may be called animal spirits and the herding instincts. The flight from both markets led to the observed increase in the correlation between the two markets.
This change in the dynamical structure of both markets unfortunately cannot be traced by conventional tools due to the static nature of these tools. We need an alternative approach which is robust enough to display the change in the dynamics of the market showing how the correlation structure changed in the major markets of the world after the above mentioned structural break.
We then propose the use of dynamic co-integration analysis to empirically assess the time varying nature of the ijef.ccsenet.org International Journal of Economics and Finance Vol. 9, No. 7; co-integration relationships. This is the first study using the dynamic co-integration in this context to the best of our knowledge though this tool was used previously to investigate the changing relationship among different stock markets as, for example, in Guidi and Ugur (2014) . The technique was also used by Schindler and Voronkova (2010) for the analysis of REIT indices but their emphasis was on the co-integration among REIT indices rather than the dynamic relationships between the REIT and stock market indices at local levels.
We have chosen a sample of ten developed countries for this purpose. We used daily data and a fairly long observation period from 2001 to 2014. Our purpose is to analyse as closely as possible the evolution of the crisis over time and its subsequent effects on the co-integration relationship. The paper uses dynamic co-integration approach (trace statistics) that scans the whole period through rolling windows. It is an effective tool that clearly shows how the co-integration relations between stock indices and REIT indices varied over time and how they specifically responded to the GFC. It also enables us to see if there were significant differences in the response patterns of different countries.
The rest of the paper is organized as follows: Section 2 describes the data and the details of the methodology. Section 3 presents the empirical results with the relevant tables and figures. Section 4 summarizes the conclusions.
Data and Methodology
The data set contains the daily observations of Datastream REIT and stock market indices compiled from ten different countries. The source of the data is Datastream. All the countries in the sample are developed countries with highly developed capital markets. The REIT markets included in the set represents nearly 90% of the public real estate markets in the world. Majority of the countries in the sample are European countries (Germany, France, Italy, the Netherlands, Belgium and the United Kingdom). The remaining four countries (the U.S., Japan, Australia and Canada) represent the leading public real estate and stock markets out of Europe. Most of the countries in the sample have market based financial systems but bank based financial systems are also represented (particularly France and Germany). The representation of bank based systems in the sample enables us to see if there was a significantly different response of the bank based systems to the GFC. It is argued that (Casni & Vizek, 2014 ) the reaction of stock and REIT indices to economic news are more synchronized in market based financial systems suggesting a higher degree of integration compared to bank-based financial systems.
The observation period is from January 2, 2001 to February 24, 2014 for all the countries in the sample except Japan. The observation set of Japan covers the period from June 12, 2001 to February 24, 2014 . This difference is due to data availability. Daily data is used. We used prices denominated in terms of local currencies (Euro, Yen etc.) rather than converting them into U.S. dollar since the emphasis of the paper is to explore the degree of local (country-specific) correlation and integration between the stock and REIT indices. The index returns which are reported are log returns.
We have chosen August 9, 2007 (August 10 for Japan) as the beginning date of the financial crisis. This is the date when serious payment problems in the three hedge funds of BNP-Paribas were reported (Note 2).
We first applied the conventional static Johansen test (Johansen, 1988) to the full observation set for the 10 countries in the sample after checking the unit root requirements. Following Hall (1989), we specified the VAR lag order such that the error terms were serially uncorrelated and the Akaike Information Criterion (AIC) was minimized. As is well known; this test is based on the statistical significance of two test statistics, namely, lambda max and lambda trace for the detection of long-run co-integration. This test is then repeated for the pre-crisis period ( This conventional Johansen approach, however, assumes a stable long-run relationship as mentioned in the introduction. A violation of this stability assumption is very likely in case of structural breaks. Then the question of whether there are diversification benefits may be subject to biased interpretations when static methodology is applied to the data if the structural breaks are present.
Under the light of these arguments, we employed dynamic co-integration analysis in order to explicitly control the structural breaks and to empirically assess the time-varying nature of the co-integration relationship. The origins of the dynamic co-integration analysis can be traced to Hansen and Johansen (1992) which suggests a recursively calculated trace test statistic to get an insight into the constancy or non-constancy of co-integration relationships. Hansen and Johansen (1992) investigated the presence of time-varying co-integration by using a trace statistic which is calculated initially over a defined period and then re-calculated again for each of the ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 7; subsequent periods that are constructed as increments to the original period. Pascual (2003) , however, indicated that a rolling window approach would be more appropriate because it is based on a fixed number of observations since each window has the same number of observations while the recursive window approach is based on an increasing number of observations. It is argued that (Pascal, 2003; Gilmore et al., 2008 ) the recursive window approach may lead to statistically less powerful results when the size of the sample in the window increases over time. We adopted the rolling window approach under the light of these arguments.
Following Gilmore et al.(2008) we used a fixed window size of 500 days (approximately 2 years). We moved the window forward one day at a time. This allowed us to calculate the λ-trace statistic for 500 observations per rolling window which is rolled by adding one observation to the end and removing the first observation. For ease of interpretation, the calculated trace statistics of each window are rescaled by the 95% quantile of the asymptotic distribution (MacKinnon et al., 1999 ). The test statistic is then plotted against time. The plotted test statistic provides a visual impression of whether the co-integration relationships are relatively constant over time. If the equilibrium relationship is fairly constant, then the trace statistic is expected to display a fairly constant and linear appearance. Re-scaled values of the trace statistic above 1 indicate that the null of co-integration is rejected in the relevant time period (for the period within the window) while values below 1 suggest no-cointegration and the possibility of diversification benefits. The trace statistics are generated for all the 10 countries in the sample using the full observation set. They yield valuable insight regarding the impact of the crisis (GFC) on the evolution of the co-integration relationship between the REIT and stock market indices for the relevant countries.
Though this tool is basically descriptive in character, it still provides insight for the possible differential effects of the crisis across different countries. A yardstick in that regard is the observation of a trace statistic which is well above 1 for an extended period of time (impyling strong co-integration relationship in that period) versus a trace statistic which is barely over 1 only for a short period of time (implying a weak co-integration relationship). A trace statistic below 1 suggests absence of co-integration in that particular period.
Empirical Results
The Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests for the full observation period, the pre-crisis period and the post-crisis period confirm that all the log stock indices and log REIT series are I(1) at the 1% significance level while their first differences are stationary without exception. Both ADF and PP include a constant and a linear time trend. Lag lengths for the ADF and PP tests were selected according to the Schwartz information criterion. The table for unit root test results is not reported here for the sake of bravity. Table 1 reports the basic statistics of the pre-crisis period and the post-crisis period. During the pre-crisis period, the means of stock index returns were positive in all the countries except the Netherlands where the mean was slightly negative. The highest mean values are observed in Australia, Japan and Canada followed by Belgium whereas the means of the U.S., Germany, France, the U.K. and Italy are somewhat lower. All the countries in the sample also display positive REIT return means during the pre-crisis period with the highest means observed in Germany and France. Jacque-Bera statistics rejects the null hypothesis of normal distribution in all the countries.
Stock market returns were negative in Australia, Belgium, France, Italy, Japan and the Netherlands during the post-crisis period with the biggest negative mean in Italy followed by the Netherlands and Japan. However the means were positive in Canada, Germany, the U.K. and the U.S. in the post-crisis period. Compared to the pre-crisis period, the means of stock market returns were lower in all the countries except the U.S. where the mean return increased despite the fact that the subprime crisis originated from this country. The standard deviations are higher in all the countries during the post-crisis period compared to the pre-crisis period. The two major bank-based countries (France and Germany) display markedly different characteristics in their third and fourth moments after the crisis. They both display positive skewness in the post-crisis period and an exceptionally high kurtosis value (17.088 for Germany) while all the other countries have negatively skewed returns in the post-crisis period.
The impact of the crisis on REIT returns and volatiliy was more significant. The mean returns were negative in all the countries during the post-crisis period (with the exception of Canada). The REIT returns declined in all the countries including Canada. The volatility of REIT returns increased very significantly after the crisis (an increase ranging between 50% and 178%). The biggest increase is observed in the U.S. where the standard deviation of REIT returns increased by 1.78 times compared to the pre-crisis period. Germany and France, however, display lower standard deviations in the post-crisis period and the REIT returns of Germany displays positive skewness while all the others are characterized by a negative skewness in the post-crisis period. The leading role of the real estate problems in the crisis shows itself in the differential response of REIT volatility with respect to the stock market volatility. The standard deviation of the stock market returns increased 40.8% (on average) after the crisis while the average increase in the standard deviation of REIT returns was 83.02%. MacKinnon et al. (1999) . ***,**, and * indicate significance at 1%, 5% and 10% level, respectively. Table 2 , Table 3 and Table 4 present the results of the conventional static Johansen co-integration test for the full observation period, pre-crisis period and the post-crisis period respectively. The null hypothesis of no co-integration cannot be rejected for the nine countries in the sample for the full observation period. The only exception is Japan which is the only country that displays a co-integration relationship in the full observation period (Note 3). In the pre-crisis period, there is an evidence of Johansen co-integration in Canada, Germany and France (but not in Japan) (Note 4). In the post-crisis period; we can find evidence of Johansen co-integration only in Belgium and Japan despite the well known fact of increased correlations between the REIT and stock indices after the crisis. Conventionally; the lack of co-integration for most of the countries in the sample suggests the existence of long-term diversification benefits between these two markets which may, however, be a pre-mature statement without further exploring the reasons for the negative results of Johansen co-integration test. Figure 1 displays the the normalized trace statistics for the ten countries in the sample. This dynamic approach based on a rolling window suggests a co-integration relationship in the relevant period if the normalized trace statistic is over 1 and rejects co-integration if it is less than 1. A common feature of all the diagrams is the highly variable nature of the normalized trace statistics which are below 1 at certain periods but over 1 in the other periods. This strongly suggests a time-varying co-integration relationship which may partially explain the negative results of the static Johansen test. The U.S. is particularly characterized by a very volatile relationship.
An inspection of the normalized trace statistics in Figure 1 with an emphasis on their evolution over time highlights the fact that they tend to be less than 1 in most countries prior to the GFC 2007. The only exceptions are France, Germany and Canada whose trace statistics are over 1 for a considerable time (mainly during 2005) in this pre-crisis period. This observation is consistent with the results of the static Johansen test in Table 3 which finds co-integration for these three countries but not for the others. We do not observe any contradiction between the results of the static Johansen test and the dynamic co-integration approach during the pre-crisis period before the onset of the GFC. The case of the U.S., however, is somewhat of an enigma where the trace statistics above 1 are observed before 2007 but there is no evidence of conventional Johansen co-integration in the same period. This discrepancy may be due to the extremely volatile nature of the relationship between stock and REIT indices in the U.S.
The normalized trace statistics of all the countries (except Italy) starts moving over 1 during the second half of 2007 which obviously is related to the subprime crisis in that period. A closer inspection of the charts in Figure 1 suggests that the response patterns differ somewhat across the countries in the sample. The trace statistics of the U.S., Australia, France and the Netherlands are well over 1 in the latter half of 2007 and for most of 2008. On the other hand; the trace statistics of Belgium, Canada, the U.K. and Germany are only slightly over 1 during the same period. The trace statistic of Japan move over 1 briefly in the second half of 2007 but stay below 1 for whole of 2008 despite the Lehman incident. This implies that although almost all countries in the sample responded to the onset of the GFC by displaying an increase in the correlations between their REIT and stock index futures; the impact was stronger and more accentuated for the group mentioned above.
The trace statistics of all the countries start moving below 1 by early 2009 indicating that the impact of the shock associated with the subprime crisis started to dissipate by that time. They stay below 1 for the rest of 2009 and for most of 2010 in a large group including the U.K., the Netherlands, Australia, Belgium, Italy, Germany and Japan. The exceptions are the U.S. and Canada (to a lesser degree France) which continue to display trace statistics well over 1 during the second half of 2009 and early 2010 (Note 5).
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International Journal of Economics and Finance Vol. 9, No. 7; A most noteworthy fact that we observe in Figure 1 is the sudden jump in the trace statistics of all the countries which starts by November 2010. This sudden jump is valid for all the countries in the sample without exception strongly suggesting a common factor that initiated it. As is well known; November 2010 is the date when Greece asked for a bailout leading to a second shock associated with the European insolveny problems. The evolution of the trace statistics over time implies that there were indeed two successive shocks. The first shock that started in mid 2007 was directly related to the U.S. based subprime crisis affecting the U.S. more as expected. The effects of this first shock was almost over by early 2009. Then a second shock followed by November 2010 as a result of European debt crisis. Both crises led to a marked increase in the correlations between REIT and stock indices for all the countries in the sample. When we check the length of time during which trace statistics stay above 1 and how far they are above 1, we observe that the dynamic co-integrations associated with the second shock were characterically higher in the Eurozone group of Germany, France, Italy and Belgium. In fact; the dynamic co-integrations for this Eurozone group were visibly higher during the second shock compared to the first shock suggesting that this group's response to the subprime crisis was relatively weak while its response to the European debt related shock was particularly strong. The non-European countries of the sample including the U.S., Canada, Japan and Australia also display normalized trace statistics moving over 1 by late 2010 (though the effect on Japan was weaker). The overall picture suggests that there was indeed not one shock but rather two consecutive shocks leading to strong correlations between the REIT and stock indices of all the sampled countries.
In most of the countries; dynamic co-integration starts to disappear by the early 2011 and the trace statistics move below 1 in that period (Note 6). Italy and the Netherlands somewhat deviate from this general trend displaying evidence of dynamic co-integration during mid-2013. This may be due to the specific domestic problems in the case of Italy. The trace statistics of all the ten countries, however, are below 1 by the end of 2013 which do suggest that the effects of the two successive crises were over by that time.
The normalized trace statistics clearly imply a strong co-integration relationship after the onset of the crisis which is not detected by the static Johansen tests. The similarity that we observe between the results of the static Johansen test and the results of the dynamic co-integration in the pre-crisis period vanishes after the crisis. The overall empirical evidence strongly suggests that the two major shocks stemming from the U.S. subprime problems and the European insolvency problems led to a structural break in the data. The conventional Johansen tests were not able to detect the strong co-integration implied by the normalized trace statistics which is clearly observed in Figure 1 . This failure can be explained by the low power of the conventional tests due to structural breaks in a time-varying co-integration context (Note 7).
Our empirical results are mostly in line with some of the recent literature including Luctenberg and Seiler (2014) which presents evidence of no-cointegration prior to the crisis (for the U.S. indices) but a strong correlation after the crisis and Liow and Schindler (2014) presenting evidence for the time-varying nature of the co-integration relationships and the structural change after the crisis using a sample of countries similar to the one used in this study.
A plausible explanation of what happened during the crisis period may be the following: The investors were suddenly faced with an unprecented shock stemming from the real estate market. This extreme shock and the associated fear psychology led to a flight from both markets leading to the observed strong correlations between the stock and REIT markets. The first subprime related shock was more effective in North America and less in Europe. The visible effects of this first shock started to decrease by 2009 but the markets were then faced with a second big shock by late 2010 due to the serious liquidity and solvency problems in Europe. This initiated a second phase of flight from both markets which was felt more acutely in Eurozone countries. These two crises led to a global increase in the correlation between the REIT and stock returns. This observed correlation, however, was not due to the conventional wealth and credit effects. It was rather the result of a joint negative response of both markets to these successive shocks.
The evidence presented so far implies that REIT markets may provide diversification benefits in the long-run in the absence of major shocks. The evidence of co-integration in normal times is weak. We cannot detect conventional co-integration in most of the countries prior to the crisis. The normalized trace statistics are also below 1 in the majority of the countries during the pre-crisis period suggesting absence of dynamic co-integration as well. Those statistics which are visibly above 1 during the crisis period of 2007-2012 revert back to values below 1 apparently as the effects of the shocks dissipate over time. The destruction of the diversification benefits seem to be an event confined to the crisis period.
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Conclusions
In this paper, we investigated the impact of the Global Financial Crisis (GFC) on the co-integration relationship between the stock and REIT indices using a sample of ten developed countries and daily data. The data and our analysis strongly imply that there were two successive major shocks with a deep negative impact on both REIT and stock markets. The first shock was associated with the U.S. subprime crisis. The second shock was due to the European debt and insolvency problems.
We were unable to detect co-integration in most of the countries using conventional and static Johansen tests. This result was valid for the whole observation period (except Japan) as well as for the pre-crisis and post-crisis period. However; we detected significant co-integration when we used a dynamic co-integration approach based on a moving window of 500 observations. This apparent contradiction can be explained by the low power of conventional tests in periods dominated by shocks since these shocks lead to structural breaks in the data and a highly varying correlation structure over time.
Our overall results imply that the REIT markets may still provide long-term diversification benefits despite increasing globalization if the markets operate normally in the absence of major shocks. The strong correlations observed between the REIT and stock indices constraining diversification after the onset of the GFC was rather the the result of a common flight from both markets during the crisis dominated 2007-2012 period.
